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(54) Vehicle ac generator 

(57) The vehicle AC generator comprises a stator 
core 4 having a stator coil 5, a first rotor core 8 and a 
second rotor core 9 provided on an inner diameter side 
of the stator core4 to rotate, a field coit 10 for magnet- 
izing the first rotor core 8 and the second rotor core 9, 
and a plurality of pole pieces 8a, 9a provided on the first 
rotor core 8 and the second rotor core 9 to extend in an 
axis direction of the rotation axis, and arranged to en- 
gage alternatively with each other via a predetemnined 
clearance, and provided to oppose to an inner diameter 
surface of the stator core 4 via a predetermined clear- 
ance, wherein the poles pieces 8a, 9a are fonned into 
an almost trapezoidal shape to reduce a width Toward 
its tip portion in a rotation direction, and a skew angle 
against the axis direction of both side surfaces of the 
pole pieces in a rotation direction is set small on a root 
side and also set large on a tip side. 
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Description 

BACKGROUND OF THE INVEtMTION 

[0001] The present invention relates to a vehicie AC 
generator having a Landor rotator 
[0002] FIG. 7 to FIG. 11 show a configuration of a ve- 
hicle AC generator In the prior art, FIG. 7 is a sectional 
vievy of the generator, FIG. 8 is a perspective view of a 
rotor, FIG. 9 is a perspective view of a stator, FIG. 10 is 
a perspective view of a stator core, and FIG. 11 is an 
illustrative view of a relationship between the rotor cores 
and the stator core. In FIG, 7, 1 denotes a front bracket; 
2, rear bracket; and 3, a stator put between the front 
bracket 1 and the rear bracket 2. As shown in FIG. 7, 
FIG. 9, and FIG. 10, the stator 3 consists of a stator core 
4, and a three-phase stator coil 5 inserted in a slot 4a 
of the stator core 4. 

[0003] In FiG.7 and FIG.8, 6 is a rotor which fixed onto 
a rotation axis 7 whose both ends are supported by the 
front bracket 1 and the rear bracket 2. The rotor 6 com- 
prises a first fotor core 8, a second rotor core 9, a field 
coil 10 wound between both rotor cores 8 and 9, tans 
11,12 provided on the back surfaces of both rotor cores 

8 and 9, a pulley 1 3 provided on the outside of the rota- 
tion axis 7 on the front bracket 1 side, and a slip ring 1 4 
provided on the inside of the rotation axis 7 on the rear 
bracket 2 side to supply a current to the tie)d coil 10. 
Then, 15 denotes a brush for supplying a current to the 
slip ring 1 4; 1 6, a brush holder for holding the brush 15; 
17, a rectifier for rectifying the AC output of the stator 
coil 5; and 1 8, a regulator for controlling the output volt- 
age of the stator coil 5 by adjusting the current of the 
field coii 1 0. 

[0004] Also, as shown in FIG.8 and FIG. 11 , a plurality 
of almost trapezoidal pole pieces 8a, 9a whose width is 
reduced toward a tip portion in the rotation direction are 
formed on the first rotor cpre 8 and the second rotor core 

9 respectively so as to oppose to an inner diameter sur- 
face of the stator core 4. These pole pieces 8a, 9a are 
arranged to engage alternatively via a predetermined 
clearance, and magnetized alternatively to the N pole 
and the S pole. In addition, in order to suppress the elec- 
tromagnetic sound by smoothing the magnetic flux dis- 
tribution In the air gap, chamferings 8b, 9b are provided 
on corner portions between outer surfaces of the pole 
pieces 8a, 9a opposing to the stator core 4 and both end 
surfaces in the rotation direction. 

[0005] In the vehicle AC generator constructed as 
above in the prior art, the rotor 6 is driven by the internal 
combustion engine via the pulley 1 3 while the current is 
supplied from a battery snot shown) mounted in the ve- 
hicle to the field coil 10 via the brush 1 5 and the slip ring 
14, the rotor 6 generates a rotating magnetic field, then 
the three-phase AC voltage is generated in the stator 
coil 5 by this rotating magnetic field, and then this volt- 
age is rectified by the rectifier 1 7 to be supplied to a load 
not shown). 



[0006] In this manner, when the generator is in the 
running state and the foad is composed of a resistance 
load, an output current of the generator can be ex- 
pressed by the following equation. 

5 

1 = KBDx1/U{1+[(R+r)/coL]^}^^ (1) 

Where K is a constant, B is a magnetic flux density in 
an air gap, D is an outer diameter of the rotor 6, 1 is a 
conductor length of the stator coil 5, L is a self-induct- 
ance of the stator coil 5, R is a resistance vaiue of the 
load, r is a resistance value of the stator coil 5 , and co is 
an angular velocity of the rotating magnetic field. 
[0007] In Eq. (1) , parameters other than the angular 
VGlocity(,) are decided based on design specifications 
of the generator and load conditions. Then, if the 
number of revolution of the generator, i.e., to is in- 
creased, the output current characteristic exhibits the 
saturation characteristic because of the influence of the 
reactance w L which is also increased together with co. 
The current is in this saturation state can be expressed 
by 

25 

tsocBDx1/L (2) 

Accordingly, it is understood that, in order to increase 
tlie output current at the time of high speed rotation of 
the generator, i.e., the saturation current is to obtain the 
higher output; the magnetic flux density B, the diameter 
D of the rotor 6, and the conductor length 1 of the stator 
coil 5 must be increased and also the self-inductance L 
of the stator coil 5 must be reduced. 
[0008] However, in order to decrease the inductance 
I„, the number of turns of the stator coil 5 must be re- 
duced. But this is not effective in increasing the output 
current because such reduction results in reduction of 
the conductor length 1 of the stator coil 5 at the same 
time. In order to increase the output while avoiding the 
increase in size of the generator, i.e., without the change 
of the D in above Eq. (2) , there is no way to increase 
the magnetic fiux density B. However, in such generator, 
the magnetic flux density B in the loaded condition is 
extremely reduced rather than the magnetic flux density 
B in no load condition because of the annature reaction 
caused by the output current Is. Therefore, the increase 
of the magnetic flux density B in the loaded condition, i. 
e., the suppression of the armature reaction is the nec- 
•^^ ossary condition to increase the output current of the 
generator, 

[0009] Further, in the low speed revolution of the gen- 
erator, the corresponding number of revolution is need- 
ed to increase the generation voltage up to a pre^deter- 
mined value (batter/ voltage), and also the output can- 
not be obtained unless theexciting current valueflowing 
into thefield coil 1 0 is compensated. Therefore, the out- 
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put current of the generator does not rise unless the 
number of revolution comes up to the predetermined 
number of revolution. Since the number of revolution re- 
quired for the rising of the output current is in inverse 
proportion to the generated voltage of the stator coil 5, 
the generated voltage of the stator coil 5 must be in- 
creasedto iowerthe rising number of revolution required 
for the output current in the low speed revolution. The 
generated voltage E can be expressed by 

E - Blv - B((oD/2 (3) 

As given in Eq. (3), the magnetic flux density B must 
also be increased to improve the output characteristic 
in the low speed revolution. Here the magnetic flux den- 
sity B corresponds to the magnetic flux density in ihe air 
gap formed between the pole pieces 8a. 9a in the mag- 
netic path indicated by the magnetic flux O in FIG. 7 and 
the stator core 4. Thus, the reduction of the i nagnetic 
reluctance in the air gap leads to the increase of the out- 
put in the low speed revolution. 

[0010] Since the vehicle AC generator is driven by the 
internal combustion engine at a predetermined speed 
increasing ratio, the available range of the number of 
revolution extends from 0 to 18,000 rpm. In particular, 
the improvement of the output characteristic is request- 
ed in the neighborhood of the number of revolution of 
the generator of about 1, 500 rpm, which corresponds 
to the idling number of revolution of the interna! com- 
bustion engine, and the number of revolution of the gen- 
erator of about 6,000 rpm, which corresponds to the nor- 
mal running state of the vehicle. Because the number 
of revolution at which the above output current Is be- 
comes the saturation state is about 6, 000 rpfn, such 
configuration must be employed as the generator that 
importance of the increase of the output current is in the 
saturation state and the increase of the output current 
in the idling operation by lowering the number of revo- 
lution at the nstng of the output current are considered. 
[0011] To increase the magnetic flux density B in the 
air gap, as described above, is necessary for the reduc- 
tion of the number of revolution of the rising ouiput cur- 
rent, i.e., the improvement of the output chariacteristic 
in the law speed revolution. This increase cari be at- 
tained by reducing the magnetic reluctance iit the air 
gap. However, if areas of the pole pieces 8a, 9a of the 
rotors are increased to reduce the magnetic reluctance 
in the air gap, widths of the pole pieces 8a, 9a must be 
increased in the rotation direction to avoid the tncrease 
in size of the generator. As a result, clearances between 
neighboring pole pieces 8a and 9a are reduced to then 
increase the leal<age magneticflux, and thus this inipos- 
es the limitation on the improvement of the ouli uit char- 
actehstic. Moreover, since such increase of the areas of 
the pole pieces results in the increase of the demagnet- 
izing force due to the armature reaciion, the cuiiput cur- 
rent is in the saturation state cannot achieve the suffi- 



cient output improvement, so that it is extremely difficult 
to improve the output from the tow speed range to the 
high speed range. 

5 SUMMARY OF THE INVENTION 

[0012] The present invention has been made to over- 
come such subjects, and it is an object of the present 
invention to provide a vehicle AC generator capable of 
10 improving the output characteristics in the full rotation 
range from the Sow speed range equivalent to the idling 
rotational speed to the output current saturation range 
as the normal using range. 

[0013] A vehicle AC generator according to the 
^5 present invention comprises a stator core having a sta- 
tor coil; a first rotor core and a second rotor core provid- 
ed on an inner diameter side of the stator core to be 
fixed to a rotation axis; a field coil for magnetizing the 
first rotor core and the second rotor core; and a plurality 
20 of pole pieces provided on the first rotor core and the 
second rotor core to extend in an axis direction of the 
rotation axis, and arranged to engage alternatively with 
each other via a predetermined clearance, and provided 
to oppose to an inner diameter surface of the stator core 
25 via a predetermined clearance; wherein the poles piec- 
es are formed into an almost trapezoidal shape to re- 
duce a width toward its tip portion in a rotation direction, 
and a skew angle against the axis direction of both side 
surfaces of the pole pieces in a rotation direction is set 
30 small on a root side and also set large on a tip side. 
[0O141 Also, the skew angle of both side surfaces of 
the pole pieces is set small in angle in about 2/3 of a 
total length between the root side to the tip side from the 
root side and set large In angle in about 1/3 on the tip 
35 side. 

[0O15] Further, charnferings are formed on corner 
portions between an outersurface opposing tothestator 
core of the pole piece and both side surfaces in the ro- 
tation direction. 

40 [0O16] Furthermore, a rotation direction wide dimen- 
sion of the chamferings formed on corners betv/een an 
outer surface of the pole piece and both end surfaces 
in the rotation direction is set small on the root side of 
the pole piece and is set large on the tip side. 

45 [0017] Moreover, a radial direction depth of the cham- 
ferings formed on corners between an outer surface of 
the pole piece and both end surfaces in a radial direction 
is set small on the root side of the pole piece and is set 
large on the tip side. 

50 

BRIEF DGRIPTIQN OF THE DRAWINGS 

[0018] F1G.1 is a perspective view showing a config- 
uration of a rotor employed in a vehicle AC generator 
55 according to an embodiment 1 of the present invention. 
[0019] FIG.2 is a top view showing shapes of pole 
pieces of rotor cores employed in the vehicle AC gen- 
erator according to the embodiment 1 of the present in- 



5 



EP 1 148 618 A2 



6 



vention. 

[0020] FiG.3 is atop view showing pole pieces of rotor 
cores employed in a vehicle AC generator according to 
an embodiment 2 of the present invention. 
[0021] FIG 4 IS a side sectional vlevj showing a pole 
piece of a rotor core employed in a vehicle AC generator 
according to an embodiment 2 of the present invention. 
[0022] FIG. 5 IS a top viev\^ showing pole pieces of rotor 
cores employed in a vehicle AC generator according to 
an embodiment 3 of the present invention. 
[0023] FIG. 6 is a side sectional view showing a pole 
piece of a rotor core employed in the vehicle AC gener- 
ator according to the embodiment 3 of the present in- 
vention. 

[0024] FIG. 7 is a sectional view showing a configura- 
tion of a vehicle AC generator in the prior art. 
[0025] FIG. 8 is a perspective view showing a rotor of 
the vehicle AC generator in the prior art. 
[0026] FIG. 9 is a perspective view showing a stator of 
the vehicfe AC generator in the prior art. 
[0027] FIG. 10 is a perspective view showing a stator 
core of the vehicle AC generator in the prior art. 
[0028] FIG. 11 is an illustrative view showing a rela- 
tionship between the rotor cores and the stator core of 
the vehicle AC generator in the prior art. 

detailed description of the preferred 
eImbqdiments 

(Embodinnent 1 ) 

[0029] FIG.1 and FIG. 2 show a configuration of a ve- 
hicle AC generator according to an embodiment 1 of the 
present invention. FIG.1 is a perspective view of a rotor, 
and FIG. 2 is a top view showing shapes of pole pieces 
of the rotor. Same symbols are affixed to the same func- 
tional portions as the above prior art, In addition, since 
the overall configuration of the generator other than the 
structure of the rotor described in the following is similar 
to that in FIG. 7 described in the above prior art, its de- 
tailed explanation will be omitted herein. In FIG. 1 and 
FIG. 2, 6 denotes a rotor employed in the vehicle AC 
generator. The rotor 6 comprises a rotation axis 7, a first 
rotor core 8 and a second rotor core 9 fixed to the rota- 
tion axis 7, a field coil 10 wound between both rotor 
cores 8 and 9 to magnetize them into different magnetic 
poles, and fans 1 1 , 1 2 provided on back surfaces of both 
rotor cores 8 and 9. As shown in FIG. 7, a slip ring 14 is 
fixed to the rotation axis 7 and both ends of the rotation 
axis 7 are rotatabiy supported by a front bracf<et 1 and 
a rear braci<et 2. 

[0030] Then, 8a and 9a are almost trapezoidal pole 
pieces that are provided in plural to extend along the 
axis direction of the rotation axis 7 respectively. The pole 
pieces 8a and 9a are opposed to the inner diameter of 
the stator core 4 via the predetenriined clearance to ro- 
tate. Skew angles are formed in respective pole pieces 
to reduce their widths toward the tip portion in the rota- 



tion direction. These skew angles are selected in the 
pole pieces 8a, 9a, as shown in FIG.1, such that the 
skew angle is set to an angle a in about 2/3 of the total 
length of the pole piece from its root portion and the 

5 skew angle is set to an angle p in about 1/3 of the total 
length, i.e., the remaining top portion of the pole piece 
and that a relation of a<[3 is satisfied in the skew angles. 
Also, these pole pieces 8a and 9a are arranged to aiter- 
nativeiy engage with each other via the predetenmined 

10 cif^arance, and one is magnetized into the N pole and 
the other is magnetized into the S pole. 
[0031] in this manner, in the AC generator in which 
the pole pieces 8a and 9a are formed into the almost 
trapezoidal shape respectively to reduce their widths to- 

?5 ward the tip portion in the rotation direction and which 
has the fields being magnetized into different polarities 
alternatively, 95 % or more of the field magnetic flux gen- 
erated by excitation of the field coil 10 is supplied to the 
stator core 4 located in about 2/3 of the total length of 

20 the pole pieces 8a, 9a from their root portion, while the 
field magnetic flux supplied to the stator core 4 located 
in about 1/3 of the total length of the top portion becomes 
a very smalt amount. Meanwhile, the armature reaction 
caused by the output current flowing through the stator 

25 coil 5 acts in the total length of the pole pieces 8a, 9a. 
[0032] in the vehicle AC generator according to the 
embodiment 1 of the present invention, as described 
above, since the skew angle in about 2/3 from their root 
portions of the pole pieces 8a, 9a is set to the angle a 

30 and the skew angle in about 1/3 of the top portion is set 
to the angle p and that the relation of a<p is given be- 
tv/een respective skew angles, areas located in about 
2/3 from their root portions are expanded in the rotation 
direction and areas located in about 1/3 of the top por- 

35 tions are contracted in the rotation direction, so that the 
magnetic reluctance for the magnetic flux generated by 
the armature reaction in the air gap can be increased 
while reducing the magnetic reluctance for the field 
m-Kjnetic flux in the air gap. Therefore, a magnetic flux 
amountof the field magnetic field by the excitation of the 
field coil 10 can be enhanced and the demagnetizing 
fo;oo due to the armature reaction in the high speed 
rafige can be suppressed. As a result, the output can 
be improved from the low speed range to the high speed 
ranae. 

[0033] Furthermore, since theskew angles of the pole 
pi^^ces 8a, 9a are set as a<p and the a portion is set to 
a!M:)Ut 2/3 from the root portion, the areas of the pole 
pif^ces 8a, 9a located in such portion are expanded in 

50 ti !-:) rotation direction, but reduction of the clearance be- 
tween the neighboring pole pieces due to such area ex- 
pansion can be suppressed within 1/3 of the total length 
between adjacent pole pieces 8a, 9a since the skew an- 
gle is large in about 1/3 of the top portions. Thus, the 

55 increase of the leakage magnetic flux becomes very 
small not to affect largely the improvement of the output 
ctiaracteristic. In addition, since a weight of the tip por- 
tion can be reduced by increasing the skew angle of the 
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tip portion of the pole piece, the tolerance against the 
centrifugal force and the vibration in the high speed rev- 
olution can be innproved, and the electromagnetic sound 
can be reduced because the electronnagnetic shaking 
force can also be reduced. 

(Embodinnent 2) 

[0034] FIG. 3 is a top view showing pole pieces of rotor 
cores employed in a vehicle AC generator according to 
an embodiment 2 of the present invention. FIG. 4 is a 
side sectional view showing a pole piece portion of a 
raior core. In the pole pieces 8a and 9a in this ennbodi- 
ment, chamferings 8b, 8c and 9b, 9c are formed on cor- 
ners between surfaces opposing to the inner diameter 
surface of the stator core 4 and both end surtaces in the 
rotation direction, and also a width dimension b of the 
chamferings 8b and 9b in an about 2/3 length on the root 
side in the rotation direction is set small but a width di- 
mension c of the chamferings 8c and 9c in an about 1/3 
length on the tip side in the rotation direction is set large. 
According to the above configuration, the electromag- 
netic sound can be reduced because the magnetic flux 
distribution is smoothed, and also the magnetic reluc- 
tance of the root portion can be decreased and the mag- 
netic reluctance of the tip portion can be increased. 
Thus, a magnetic flux amount of the field magnetic field 
can be enhanced and the demagnetizing force generat- 
ed by the armature reaction in the high speed range can 
be suppressed, As a result, the output can be iniproved 
over the full rotational range. 

{Embodiment 3) 

[0035] FIG. 5 is a top view showing pole pieces of rotor 
cores employed in a vehicle AC generator according to 
an embodiment 3 of the present invention. FIG. 6 is a 
side sectional view showing a pole piece portion of a 
rotor core, in the pole pieces 8a and 9a in this ernbodi- 
• ment. chamferings 8b, 8c and 9b. 9c are formed on cor- 
ners between surfaces opposing to the inner diameter 
surface of the stator core 4 and both end surfaces in the 
rotation direction, and also a depth dimension b of the 
chamferings 8b and 9b in an about 2/3 length on the root 
side in the radial direction is set small but a depth di- 
mension c of the chamferings 8c and 9c in an about 1/3 
length on the tip side in the depth direction is set large. 
According to the above configuration, like the case in 
the embodiment 2, the electromagnetic sound can be 
reduced because the magnetic flux distribution is 
smoothed, and also the magnetic reluctance of the root 
portion can be decreased and the magnetic reluctance 
of the tip portion can be increased. Thus, a magnetic 
flux amount of the field magnetic field can be enhanced 
and the demagnetizing force generated by the armature 
reaction in the high speed range can be suppressed. As 
a result, the output can be improved over the full rota- 
tional range. Moreover, respective advantages can be 



superposed by applying the embodiments 2 and 3 at the 
same time. 

[0036] In the above embodiments, the number of 
poles of the rotor is 1 2, the number of poles of the stator 
5 core is 36. and thus the number of poles of the stator 
core per pole and phase is 1 . In this case, it is nriore 
advantageous if the present invention is applied to the 
vehicle AC generator in which the leakage of the mag- 
netic flux in the pole piece can be reduced by setting the 
10 number of poles per pole and phase to 2 or more to nar- 
row the pole piece of the stator core in the rotation di- 
rection and also the magnetic reluctance of the surface 
of the rotor pole can be reduced by increasing the 
number to expand the total area of the surface of the 
^5 pole piece. 

[0037] Besides, in the above embodiments^ the field 
coii is contained in the rotor. In this case, the present 
invention can be applied to the vehicle AC generator of 
the type in which the field coil is fixed to the bracket and 
20 the field magnetic field is supplied from the air gap. 
[0038] As explained above, according to the vehicle 
AC generator of the present invention, the pole area in 
about 2/3 from the root portion is expanded and the pole 
area in about 1/3 of the tip portion is contracted by set- 
-25 ting the skew angle of the almost trapezoidal pole pieces 
in about 2/3 from the root portion small and setting the 
skew angle in about 1/3 of the tip portion large, and also 
the width dimension in the rotation direction or the depth 
dimension in the radial direction or both dimensions of 
30 the chamferings formed on the corners between the sur- 
face of the outer surface of the pole piece opposing to 
the stator core and both end surfaces in the rotation di- 
rection is set small in about 2/3 from the root portion and 
set large in about 1/3 of the tip portion. Therefore, the 
35 excellent vehicle AC generator can be accomplished 
such that the magnetic reluctance in about 2/3 from the 
root portion can be set small and the magnetic reluc- 
tance in about 1 /3 of the tip portion can be set large, and 
the output can be improved in the full range from tne low 
40 speed range to the high speed range because the mag- 
netic reluctance for the filed magnetic flux can be re- 
duced and the magnetic reluctance for the armature re- 
action can be increased, and the mechanical tolerance 
against the centrifugal force and the vibration can be 
^5 improved, etc. 



Claims 

50 1. A vehicle AC generator comprising: 

a stator core having a stator coil; 
a first rotor core and a second rotor core pro- 
vided on an inner diameter side of said stator 
55 core to be fixed to a rotation axis; 

a field coil for magnetizing said first rotor core 

and said second rotor core; and 

a plurality of pole pieces provided on said first 
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rotor core and said second rotor core to extend 
in an axis direction of the rotation axis, and ar- 
ranged to engage alternatively with each other 
via a predetermined clearance, and provided to 
oppose to an inner diameter surface of said sta- 5 
tor core via a predetermined clearance; where- 
in 

said poles pieces are formed into a substantial- 
ly trapezoidal shape to reduce a width toward 
a tip portion thereof in a rotation direction, and io 
a skew angle against the axis direction of both 
side surfaces of said pole pieces in a rotation 
direction is set small on a root side, and is set 
large on a tip side. 

2. The vehicle AC generator according to claim 1, 
wherein 

the skew angle of both side surfaces of said 
pole pieces is set small in angle in about 2/3 of a 
total length between the root side to the tip side from 
the root side, and is set large in angle in about 1/3 
on the tip side. 

3. The vehicle AC generator according to claim 1 or 
claim 2, wherein, 25 

chamferings are formed on corner portions 
between an outer surface opposing to said stator 
core of said po!e piece and both side surfaces in the 
rotation direction. 

30 

4. The vehicle AC generator according to claim 3, 
wherein 

a rotation direction wide dimension of the 
chamferings formed on comers between an outer 
surface of said pole piece and both end surfaces in 35 
the rotation direction is set small on the root side of 
said pole piece, and is set large on the tip side. 

5. The vehicle AC generator according to claim 3 or 
claim 4, wherein 4o 

a radial direction depth of the chamferings 
formed on corners between an outer surface of said 
pole piece and both end surfaces in a radial direc- 
tion is set small on the root side of said pole piece, 
and is set large on the tip side. 



50 



55 



EP 1 148 618 A2 



FIG.1 



EP 1 148 618 A2 



FIG.4 




t~~ I /-\ |— 




9a U 



EP 1 148 618 A2 



FIG.6 




EP 1 148 618 A2 



FIG. 8 



6 



11 



EP 1 148 618 A2 



FIG.9 




FIG.10 

4a 



EP 1 148 618 A2 



FIG. 11 




